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Abstract
Invasive species may be viewed as “passengers” that spread in response to envi-
ronmental changes rather than “drivers” of ecological impacts. To date, how-
ever, there has been no examination of how these alternative models affect
public risk perception, sense of responsibility, and willingness to take action.
We report on an experimental study of how these models affected respondents’
(N = 456) willingness to take action to address two invasive species: tamarisk
and garlic mustard. We found that the traditional driver model, compared to
the passenger model, increased perception of risk to humans and the envi-
ronment, both of which contributed to willingness to take action. The driver
model, however, also decreased personal causal responsibility, though only
when human responsibility for introduction was not mentioned. Our find-
ings suggest that these alternative models create trade-offs for communication
that necessitate contextual framing that attends to audience sense of risk and
responsibility.
Introduction
Ecologists increasingly recognize that invasive species
may be understood as “passengers” that spread in re-
sponse to concurrent environmental changes, rather than
“drivers” that directly cause ecological impacts (Didham
et al. 2005; Macdougall & Turkington 2005; Wilson &
Pinno 2013). Ecologists also debate whether the origin
of species (native vs. non-native) is pertinent for judg-
ing them or whether we should instead focus on their
impacts (Davis et al. 2011; Simberloff 2011). To date,
however, there has been no examination of how these
alternative models affect the public’s risk perception of
invasive species or their attribution of personal responsi-
bility, both of which may affect willingness to take action.
Yet if the public’s willingness to take action is affected,
it has critical implications for conservation management
efforts because the recruitment and retention of volun-
teers is an important tool in monitoring and managing
invasive species (Cohn 2008; Crall et al. 2011; Beirne &
Lambin 2013).
To examine this issue, we draw on theory from the
field of science communication. When science commu-
nicators design public outreach materials they offer inter-
pretive packages that give meaning to an issue by pre-
senting “a central organizing idea . . . for making sense
of relevant events, suggesting what is at issue” (Gamson
& Modigliani 1989). These choices “frame” an issue and
“promote a particular problem definition, causal interpre-
tation, moral evaluation, and/or treatment recommenda-
tion” (Entman 1993). Scholars increasingly recognize the
effects of framing in environmental management (Allan
2007; Larson 2011; Moore & Moore 2013), and in the
case of climate change, there is now evidence that al-
ternative frames can shift public perception and willing-
ness to take action (Nisbet 2009; Hart & Nisbet 2012).
It has been proposed that different models of invasive
species will have similar effects (Larson 2005; Keulartz
& van der Weele 2008), although we are unaware of any
empirical tests of these propositions. To help fill this re-
search gap, we report on an experimental study of how
the driver and passenger models affect citizen perceptions
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Figure 1 Conceptual framework for testing.
and willingness to take action to address invasive
species.
To assess the impact of the driver and passenger models
on predisposition to take action, we draw from research
identifying two primary causal pathways: the percep-
tion of risk and the attribution of personal responsibility
(Figure 1; Story & Forsyth 2008). Selge et al. (2011), for
example, found that people’s perceptions of both the po-
tential harm of an invasive species and human respon-
sibility for its spread affect their preferred interventions.
Both the Extended Parallel Process Model (Witte 1992)
and Protection Motivation Theory (Maddux & Rogers
1983) hold that elevated risk perceptions can promote
action to address a risk as long as individuals do not
feel hopeless about a situation; multiple studies have
confirmed this result in environmental contexts (Le´vy-
Leboyer et al. 1996; Hart et al. 2011). In addition, it is ad-
visable to examine the perceived risks to humans and to
the environment separately because they may differen-
tially affect predispositions for behavior (Schultz 2000).
The passenger and driver models may also affect pre-
dispositions for action through the pathway of attribution
of personal responsibility, which has two components:
causal and treatment responsibility (Iyengar 1994; Stern
et al. 1999). Causal responsibility refers to the belief that
an individual is responsible for causing a problem, which
may increase treatment responsibility, the belief that an
individual is responsible for fixing a problem. Previous
research has found a positive association between attri-
bution of personal responsibility and willingness to take
action across a variety of environmental issues (Story &
Forsyth 2008).
Overall, we expect the driver model, compared to the
passenger model, to increase risk perceptions and thus
to strongly motivate action, because it emphasizes the
agency of invasive species in causing ecological disrup-
tion. However, by the same token we expect that these
aspects of agency in the driver model have the potential
to lower the impetus to action by lowering attribution of
personal responsibility. Accordingly, we expect the pas-
senger model, which emphasizes the role of both humans
and other actors in ecological disruption, to increase at-
tribution of responsibility compared to the driver model,
even as it lowers risk perception.
We also explore whether mentioning human introduc-
tion of an invasive species influences the relative effect of
the driver and passenger models through attribution of
responsibility. Human introduction suggests that humans
are at fault for causing the problem, so we expect that
mentioning it will lower the difference between the ef-
fect of adopting a driver or passenger model on perceived
causal responsibility.
Method
Study design
We adopted a between-subject random assignment 2
(driver vs. passenger model) × 2 (mention of human
introduction of invasive species vs. no mention of hu-
man introduction) experimental design to identify how
these different models for invasive species may affect
willingness to take personal action through the causal
pathways of attribution of responsibility, perceived risk
to humans, and perceived risk to the environment. To
improve the generalizability of the study, each partic-
ipant was asked about one of two invasive species,
tamarisk/salt cedar (Tamarix species) or garlic mustard
(Alliaria petiolata), both of which are amenable to descrip-
tions under a passenger or driver model (see Stromberg
et al. 2009; Davis et al. 2012, respectively). Thus, there
were 8 conditions (four experimental conditions × two
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invasive species). Fifty-seven participants were randomly
assigned to each condition for a total sample of 456. We
recruited undergraduate students from a university in the
northeastern United States for the study; such students
are frequently recruited as volunteers for invasive species
management programs (Krasny & Lee 2002; Cohn 2008;
Delaney et al. 2008). Students were randomly recruited
from multiple public areas on campus and then directed
to a private area for the study. After listwise deletion of
participants who did not complete the questionnaire, 436
participants remained for the analysis. APA ethical guide-
lines were followed and experimental participants did not
receive compensation for completing the experiment.
After signing a consent form, participants were first
provided with an information sheet that described one
of the two invasive species under one of the var-
ied conditions described above (full text of conditions
is provided in Appendix 1). While the information
sheets were constructed for the experiment, we con-
sulted with ecologists to ensure their scientific accuracy.
The driver model conditions focused on plant charac-
teristics that cause ecological change whereas those for
the passenger model focused on characteristics that al-
lowed the plant to thrive under conditions of ecological
change.
Independent control variables
Sociodemographics
Sociodemographics were measured by asking participants
their age (x¯ = 20.4; SD = 2.77) and gender (Male = 0,
Female = 1, x¯ = 0.6, SD = 0.5). There was little variance
in age, so it was dropped from the analysis.
Core ecological beliefs
Participants were asked about their core ecological beliefs
using the scale adopted by Stedman et al. (2004). The eco-
logical core beliefs scale is a seven-item subset of the new
environmental paradigm (NEP) scale developed by Dun-
lap & Van Liere (1978), and asks participants how much
they agree with statements such as “The balance of nature
is very delicate and easily upset by human activities.” An-
swers were aggregated into a mean scale (x¯ = 4.88, SD =
1.05, Cronbach’s α = 0.811)
Invasive species type
A dummy variable was coded to indicate whether the
participant was in a tamarisk or garlic mustard condition
with garlic mustard as the reference group; this was then
used to control for species type.
Mediating variables
Attribution of responsibility
Attribution of personal causal responsibility was assessed
by asking participants how responsible “individual peo-
ple like me” are for causing the tamarisk/garlic mus-
tard problem (not at all responsible = 1, very responsi-
ble = 7, x¯ = 3.11, SD = 1.87). Attribution of personal
treatment responsibility was assessed by asking partici-
pants how responsible “individual people like me” are for
addressing (fixing) the tamarisk/garlic mustard problem
(not at all responsible = 1, very responsible = 7, x¯ = 3.75,
SD = 1.83).
Risk perception
To assess respondents’ perception of risk that
tamarisk/garlic mustard poses to humans, we asked
them to evaluate the severity of their threat to (a)
“people like me,” (b) “local communities near rivers that
have tamarisk” (or “near woodlands that have garlic
mustard”), and (c) “the United States as a whole.” To
assess their perception of risk that the species poses to
the environment, we asked them to evaluate the severity
of their threat to (a) “biodiversity,” (b) rivers in the
southwestern United States (or “woodlands in the north-
eastern United States”), (c) “plants,” and (d) “the United
States as a whole.” For each item, respondents answered
on a seven-point scale ranging from 1 (not at all a threat)
to 7 (very serious threat); the answers to these questions
were then aggregated into two mean scales (humans:
x¯ = 3.23, SD = 1.46, Cronbach’s α = 0.816; environment:
x¯ = 4.72, SD = 1.40, Cronbach’s α = 0.769).
Dependent variable
Willingness to address invasive species
To assess the participants’ willingness to take action to
address invasive species, we asked them the follow-
ing question: “assuming you lived in a region where
tamarisk/garlic mustard occurred, how likely would you
be to participate in any of the following activities that
could help remove tamarisk from along rivers” (or “gar-
lic mustard from woodlands)?” The five activities were
(a) attend a local public meeting, (b) contact a local pub-
lic official, (c) volunteer with a local citizens’ or environ-
mental group, (d) participate on a local committee or task
force, and (e) uproot it while hiking along a river” (or
“in a woodland”). For each item, participants answered
on a seven-point scale ranging from 1 (not at all likely)
to 7 (very likely); answers were then aggregated into
a single mean scale (x¯ = 2.89, SD = 1.55, Cronbach’s
α = 0.898).
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Data analysis
We first used ANOVA to investigate the representation
of control variables for participants across conditions. We
then used an ordinary least squares regression-based path
analytic framework with the SPSS PROCESS macro de-
veloped by Hayes (2013) to examine the direct and in-
direct effect of these alternative models on willingness
to take action through three causal pathways: (i) per-
ception of risks to humans, (ii) perception of risks to
the environment, and (iii) personal causal responsibility
(see Figure 1).
The PROCESS macro generates a bootstrapped con-
fidence interval for each of the three causal pathways
while controlling for the control variables and other
variables in the conceptual framework; the bootstrap
analysis was conducted with 10,000 iterations and bias-
corrected estimates, based on the recommendations of
Hayes (2013). The bootstrapping approach toward indi-
rect effects adopted here is generally considered superior
to the Sobel test or causal steps approach (Hayes 2013). In
addition, results from the PROCESS macro do not signifi-
cantly differ from results of structural equation modeling
(Preacher & Hayes 2008; Hayes 2013) and the inferen-
tial test process for coefficients adopted by the PROCESS
macro, which is based on the t distribution, is more ap-
propriate for smaller samples than the process typically
adopted by SEM programs (Hayes 2013).
Results
A one-way ANOVA found no differences between con-
ditions for gender (F7,429 = 0.679, P = 0.69) or environ-
mental values (F7,429 = 1.445, P = 0.19). The regression
analysis found that individuals were more willing to take
action to address tamarisk than garlic mustard (unstan-
dardized regression coefficient b = –0.356, P < 0.001);
tamarisk and garlic mustard conditions were combined
for subsequent analysis with a dummy variable included
to control for this difference.
Looking first to risk perceptions, the regression analy-
sis found that the driver model increased perception of
the risk that the invasive species posed to humans (b =
0.495, P < 0.001) and the perception of risk to humans
had a positive influence on willingness to take action
(b = 0.180, P < 0.01) (see Table 1).
The regression analysis also found that the driver
model increased perception of the risk that the invasive
species posed to the environment (b = 0.311, P < 0.05),
which, in turn, increased willingness to take action (b =
0.132, P < 0.05) (see Table 1).
Looking next to attribution of personal responsibility,
the analysis revealed that the effect of the driver model
Table 1 Results from mediation analysis of the passenger and driver
models through perception of risk to humans and perception of risk to the
environment
Predictor B
Equation predicting mediator 1 (risk to humans)
Intercept 0.651∗
Gender (female) 0.347∗
Environmental values 0.193∗
Causal responsibility 0.102∗
Treatment responsibility 0.200∗∗∗
Invasive species (garlic mustard) 0.176
Message condition (human introduction) 0.047
Message condition (driver model) 0.495∗∗∗
Equation predicting mediator 2 (risk to environment)
Intercept 2.05∗∗∗
Gender (female) 0.243
Environmental values 0.309∗∗∗
Causal responsibility 0.092∗
Treatment responsibility 0.123∗∗
Invasive species (garlic mustard) 0.157
Message condition (human introduction) 0.054
Message condition (driver model) 0.311∗
Equation predicting dependent variable (willingness to take action)
Intercept −0.006
Gender (female) 0.062
Environmental values 0.301∗∗∗
Causal responsibility −0.012
Treatment responsibility 0.141∗∗
Invasive species (garlic mustard) −0.356∗∗
Message condition (human introduction) 0.010
Message condition (driver model) −0.198
Risk to environment 0.132∗
Risk to humans 0.180∗∗
Note: ∗∗∗P < 0.001; ∗∗P < 0.01; ∗P < 0.05. Unstandardized coefficients
are reported.
was conditional on whether or not human introduction
of invasive species was mentioned. When human intro-
duction was not mentioned, the driver model suppressed
perceptions of causal responsibility compared to the pas-
senger model (b = –0.648, P < 0.01), whereas when hu-
man introduction was mentioned, the influence of the
driver model was similar to the passenger model on indi-
vidual causal responsibility (b = 0.139, P = 0.56; see Ta-
ble 2, Figure 2). Individual causal responsibility, in turn,
had a positive influence on attribution of individual treat-
ment responsibility (b = 0.500, P < 0.001), which had
a positive influence on willingness to take action (b =
0.140, P < 0.01) (see Table 2).
The analysis of indirect effects through bootstrapped
mediation tests corroborated the aforementioned results.
If the lower (LCI) and upper (UCI) 95% confidence in-
tervals for the indirect effects are either both above zero
or both below zero there is a significant indirect effect
through the mediator(s). The driver condition had a
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Figure 2 Driver model versus mention of human introduction on attribution of causal responsibility.
Note: Estimates in this figure are calculated with covariates set to their sample means.
significant positive mediated influence on willingness to
take action through the perceived risk to humans (LCI =
0.023, UCI = 0.200) and through the perceived risk to the
environment (LCI = 0.006, UCI = 0.113). When human
introduction was not mentioned, the driver model had
a significant negative mediated influence on willingness
to take action through attribution of personal responsibil-
ity (LCI = –0.110, UCI = –0.011); this indirect influence
did not appear, however, when human introduction was
mentioned (LCI = –0.020, UCI = 0.060).
Discussion
To the best of our knowledge, this is the first study to
examine how the use of the driver or passenger models
of invasive species in public outreach affects willing-
ness to take action. As volunteers often serve a critical
function in conservation efforts, this study encourages
conservation practitioners to consider and to evaluate the
public impact of framing outreach materials in different
ways. Our results offer a nuanced view into how these
two models may affect willingness to take action through
the mediated causal pathways of public perceptions of
risk and attribution of responsibility. The driver model,
compared to the passenger model, encouraged willing-
ness to take action to address invasive species by raising
perceptions of the risk posed to humans and the environ-
ment. The driver model, however, also demonstrated the
potential to suppress willingness to take action to address
invasive species by lowering perceptions of individual
responsibility, although this suppressive effect appears to
be mitigated by the inclusion of a statement of human
responsibility for introducing a species. We thus conclude
that outreach materials will increase the predisposition
to action when a driver model of invasive species is
paired with an explicit statement about their human
introduction.
Of course, this is only one study, and caution should
be taken when generalizing. In particular, our study fo-
cused on predispositions to engage in behavior to ad-
dress invasive species but did not measure actual behavior
(cf. Prinbeck et al. 2011). In addition, while undergradu-
ate students offer useful information for how potential
student volunteers are likely to respond to information
about invasive species, they are not representative of the
general U.S. or even broader populations. Thus, future
studies may build from this research to include observed
behavioral responses among a more heterogeneous pop-
ulation; for example, personal characteristics may impact
the mental models of both the lay public and scientists
(e.g., ideology, disciplinary background, see Corley et al.
2009; Besley & Nisbet 2013) and affect whether they sup-
port or oppose alternative intervention strategies.
The unstandardized coefficients for the effects in our
study were somewhat small. We suspect that this results
from the use of a single exposure to the stimulus in our
experiment, which provides a conservative estimate of ef-
fects that might occur with a more comprehensive com-
munication campaign in which individuals are exposed
to a message multiple times. The results may have also
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Table 2 Results frommoderated-mediation analysis of thepassenger and
driver models through attribution of causal and treatment responsibility
Predictor b
Equation predicting mediator (causal responsibility)
Intercept 2.012∗∗∗
Gender (female) −0.172
Environmental values 0.001
Threat to humans 0.290∗∗∗
Threat to environment 0.135
Invasive species (garlic mustard) −0.656∗∗∗
Message condition (human introduction) 0.158
Message condition interaction (human intro × driver) 0.786∗
Message condition (driver model)
With no mention of human introduction −0.648∗∗
With mention of human introduction 0.139
Equation predicting mediator (treatment responsibility)
Intercept 0.390
Gender (female) −0.038
Environmental values 0.189∗∗
Threat to humans 0.217∗∗∗
Threat to environment −0.055
Invasive species (garlic mustard) −0.055
Message condition (human introduction) −0.079
Message condition interaction (human intro × driver) −0.094
Message condition (driver model) 0.061
Causal responsibility 0.500∗∗∗
Equation predicting dependent variable (willingness to take action)
Intercept −0.020
Gender (female) 0.062
Environmental values 0.302∗∗∗
Threat to humans 0.175∗∗
Threat to environment 0.132∗
Invasive species (garlic mustard) −0.356∗∗
Message condition (human introduction) 0.028
Message condition interaction (human intro × driver) −0.038
Message condition (driver model) −0.179
Causal responsibility −0.012
Treatment responsibility 0.140∗∗
Note: ∗∗∗ P< 0.001; ∗∗ P< 0.01; ∗ P< 0.05. Unstandardized coefficients
are reported. For the equation predicting the mediator causal respon-
sibility, two driver model coefficients are provided to demonstrate how
the impact of the driver model varies depending on the whether human
introduction of species is mentioned or not. For the other equations in the
table (predicting treatment responsibility and willingness to take action),
therewas no significant differencebetween the two versions of the coding
for the human introduction variable, and the reported driver coefficient is
with human introduction not mentioned.
been affected by the specific species and language adopted
for the conditions in our study; we note, for example,
that in general individuals were more willing to take ac-
tion to address tamarisk than garlic mustard. Respondents
may also have interpreted the “driver” model to have a
more negative tone (Slovic et al. 2004), or they may have
perceived other, unaccounted differences between con-
ditions, which could have affected our results. While we
used two different species to improve generalizability and
reduce the chance that specific wording would overly af-
fect the results, future studies may wish to examine the
implications of language choices at a finer scale.
In addition to the direct effects examined here, fram-
ing effects have the potential to shape opinions through
patterns of negotiated meaning that arise through inter-
actions between various members of the public. We thus
propose future research that examines additional depen-
dent variables such as conversation dynamics to integrate
the present research with literature examining how is-
sue framing may impact discursive processes between sci-
entists, journalists, managers, and the public (Price et al.
2005; Nisbet 2009; Nisbet & Scheufele 2009). Such in-
quiry would also touch more directly on broader ethi-
cal questions related to the form of communication and
its implications for different audiences (e.g. Warner &
Kinslow 2013).
Our study provides evidence that adopting different
models for communicating about invasive species is likely
to impact public perceptions and willingness to take
action. However, we have analyzed “passenger” and
“driver” as alternative communication models, when it
may ultimately be a scientific question whether one or
the other is appropriate in a given context. Thus, our
findings are not intended as a prescription of how con-
servation practitioners ought to design messages about
invasive species to reach out to the public and recruit
volunteers, but instead seek to provide insight into the
potential effects of alternative messages. It is likely that
the insights from the present study are not limited to
communicating about invasive species, but may apply in
additional domains of environmental management.
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